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Until 5 years ago, the arachnid fossil record was sparse. lt was dominated by a comparative 
wealth of forms in Carboniferous Coal Measure sediments, and near-modern forms from 
Palacogene Baltic amber. Both these relatively well-documented sources and the few 
reported finds elsewhere in the record suffered Irom crroneous interpretations. In recent 
years, new interpretations of existing fossils and a few spectacular new finds have filled in 
the gaps in the record and changed our knowledge and views of the course of arachnid 
evolunon. Particular examples are: Devonian pseudoscorpions and spiders, book-lungs in 
Carboniferous scorpions, Triassic mygalomorph spiders, and Jurassic and Cretaceous 
araneamorph spiders. Phylogenetic systematic analyses of eatant arachnids have produced 
evolutionary scenarios which conflict with the observed fossil record in parts. The newly 
expanded knowledge of the fossil record allows better tests for the cladograms. Future work 
on reinterpretation of known Carboniferous and Palacogene fossils, on rare Mesozoic 
arachnids, and on arachnids in the earliest known terestrial ecosystems in the Silurian will 
add to our knowledge of the fossil record ef the arachnids and further enhance testing of 
phylogenctic hypotheses (A glospidida, Arachnida, Chelicerata, palaenntalogy, phylogeny, 
Pycnogonida. 
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For most of this century, one name dominated 
the literature on fossil arachnids, that of 
Alexander Petrunkevitch (1875-1964), 
Petrunkevitch (1955; in Størmer, 1955) sum- 
marized the arachnid fossil record to mid-century 
(Fig 1) in the ‘Treatise on Invertebrate 
palaeontology? and although he published on 
amber spiders after 1955, the broad view of the 
fossil record of chelicerates remained little 
changed until about a decade ago. Few workers 
either published on fossil arachnids or disputed 
Petrunkevitch’s assignments during his lifetime. 
Only recently, during restudy of the fossils, have 
many errors and misinterpretations in his work 
come to light. 

In tbe fossil chelicerate record published in the 
‘Treatise’ (Fig. 1), the Merostomata (essentially 
aquatic chelicerates) are separated from the 
Arachnida. Second, most of the arachnid side 
consists of dashed lines converging towards the 
base of the Cambrian, indicating lack of fossil 
record and uncertainty of affinities respectively. 
Third, apart from one dubious palpigrade and 
some scorpions, there are no other records of 
Mesozoic (Triassic-Cretaceous) arachnids. 
Fourth, there is a clear pattem in the temporal 
distribution of the fossils: a concentration of 
records in the Upper Carboniferous, and many 
modem groups also occur in the Palacogene 
(early Tertiary). The former records are from the 


Coal Measures of Europe and North America, for 
example: Mazon Creek, Illinois: Coseley, 
England: and Nyrany, Czechoslovakia. The 
Palacogene oceurrences are mainly from Baltic 
amber. Although Trigonotarbida and a ques- 
tionable record of Araneae had been known from 
the Devonian Rhynie Chert of Scotland since 
Hirst (1923), they were omitted from the diagram. 
(In addition, Petrunkevitch knew of undescribed 
Lebanese amber opilionids and some Cretaceous 
spiders from Manitoban amber). 

Petrunkevitch developed theones on the evolu- 
tion of arachnids, which resulted in his supercr- 
dinal classifications of 1945 and 1949. He 
recognized a number of ‘evolutionary trends’. 
such as the movement of the mouth rearwards 
from the Xiphosura to the arachnids, and the 
reduction of the metasoma to a tail or pygidium. 
Once of the most important characters used in his 
classifications 1s the width of the connection be- 
tween prosoma and opisthosoma, i.e. reduction of 
the first abdominal somite to a pedicel 
Petrunkevitch (1945) divided the class Arachnida 
into two subclasses, Latigastra and Caulogastra, 
on the basis of a broad or a narrow prosoma-opis- 
thosoma connection respectively. Later, 
Petrunkevitch (1949) added the subclass Soluta 
to the scheme to include solely his new order 
Trigonotarbida which he considered cxhibil both 
wide and narrow junctions. Another subclass, the 
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FIG. 1. Stratigraphic ranges of Chelicerata and 
Aglaspidida and presumed phylogenetic relation- 
ships (from Stgrmcr, 1955). 
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Stethostomata, was created at this time to accom- 
modate the orders Anthracomartida and Hap- 
topoda which supposedly have a broad 
prosoma-opisthosoma junction and a unique 
coxosternal region. Petrunkevitch’ s (1949) clas- 
sification schemc, used in the ‘Treatise’, has not 
stood the test of time. Weygoldt and Paulus 
(1979) noted its use in some textbooks but 
pointed out severe deficiencies in the scheme 
when other characters are taken into account. 
Petrunkevitch was a devout proponent of the 
idea of the ‘decoupling’ of macroevolution and 
microevolution. He envisaged major fcatures 
(those which define higher taxa) originating by 
mutation or other accelerated evolution, whereas 
minor morphological differences (those which 
separate species, for example) could provide only 
long, slow evolution and rarely produced higher 
taxa (Petrunkevitch, 1952, 1953). Petrunkevitch 
(1955) envisaged extinction occurring when irre- 
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versible evolutionary trends took groups down 
blind alleys—useful trends which proved lethal 
when taken to extreme or when environmental 
conditions changed. Characters could therefore 
be described as ‘major’ or ‘minor’, depending on 
the taxonomic rank they diagnose. Provided the 
‘rank’ of a character is not decided a priori, there 
is no problem; however, difficulties arise when 
character states do not clearly change at taxon 
boundaries. For example, in a diagnosis of the 
subclass Soluta Petrunkevitch, 1949 is: ‘ab- 
domen composed of 8 to 11 segments’ 
(Petrunkevitch, 1955, p. P107). Petrunkeviteh 
described this variability as the character being in 
a ‘labile’ state. So, the subclass Soluta is diag- 
nosed on the labile condition of the abdominal 
segmentation, the presence of either a broad or a 
narrow junction between the opisthosoma and 
prosoma (see above), and the overall 
resemblance of the coxosternal region to that in 
spiders [my italics]. Petrunkevitch (1955) argued 
that solutes are not spiders because of the com- 
bination of characters in the group, and addition- 
ally they showed a single series of marginal plates 
on the opisthosoma. Obviously, such a group 
could also be considered a collection of quite 
different animals placed together through their 
shared possession of a spider-like coxosternal 
region. 

Restudy of fossil solutes reveals that the prob- 
lem lies mainly in Petrunkevitch’s inability to 
correctly interpret fossil material. The number of 
segments in the Soluta is invariably 11 (Shear et 
al., 1987) but the number Petrunkevitch inter- 
preted in each specimen differed according to its 
preservation. Thus, where a 2-segmented 
pygidium was preserved, then 2 additional seg- 
ments were counted over specimens which did 
not preserve this organ, and the short first ab- 
dominal segment is not always visible in fossils. 
Similarly, the interpretation of the prosoma-opis- 
thosoma junction depended on how closely these 
tagmata were conjoined in the fossil. 


Petrunkevitch described Trigonomartus pus- 
tulatus, and noted (1913, p. 104): ‘The 
cephalothorax being much harder, kept more or 
less its shape, and what appears on it as a median 
erest was in reality a median groove. The ir- 
regular, polygonal depressions were evidently 
thickened areas of the chitin and formed in life 
low elevations.’ But, two pages before he had 
diagnosed the new genus thus: ‘Carapace trian- 
gular with a median crest in the posterior half, 
covered with irregular polygonal depressions.’ 
Thus he had recognized that the fossils were 
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external moulds but diagnosed the genus as if 
they were casts, The error perpetuated until 1955 
When, in the “Treatise” (p. P112), the diagnosis 
became ‘Carapace triangular, high, with median 
crest and a pustulose surface, without eyes. Ab- 
domen with pustulose surface’ Thus, pustules 
were recognized but the median crest remained, 
without explanation for the emendation. Further- 
more, eyes exist in Trigonomartus (Petrunk- 
evitch, 1913, pl. 9, fig. 49, in the same place as in 
Aphantomartus (Pocock 1911, PL 1, fig. 6). 
These two genera were synonymized by Selden 
and Romano (1983), As well as misinterpreting 
fossils, Petrunkevitch produced some illogical 
taxonomic arguments. In 1945, he erected the 
Aphantomartidae for eophrynids with 7 ab- 
domina) tergites (Le. Aphantomartus areolatus 
Pocock, 1911). In 1949, he erected the 
Trigonomartidae, and, recognizing that Aphan- 
fomartus had 8 abdominal tergites, not 7, he 
stated (p. 256): “This means that the Family 
Aphantomartidae becomes a synonym of 
Trigonomartidae, the number of abdominal seg- 
ments having served as the only character of 
distinction.” Why not place the contents of the 
new ‘Trigonomartidae’ in the existing Aphan- 
tomartidae? Aphantomartidae has priority and 
was redefined by Selden and Romano (1983). 
Furthermore, illustrations purporting to differen- 
tate Aphantomartus and Trigonomartus 
(Petrunkevitch 1955, figs 80, | and 3) are un- 
Tepresentative and merely emphasise different 
characters of the same genus. Fig. 80, 3 is not 
Aphantomartus areolarus, as stated in the text, 
but a copy from Pruvost (1919, fig. 42) of A. 
pococki, with eyes drawn on incorrectly! 
Consideralso the Phalangiotarbida, Kjellesvig- 
Waering redescnbed this group just before his 
death in 1979, and the MS was being prepared for 
posthumous publication (see Kjellesvig-Waer- 
ing, 1978). In the MS, Kjellesvig-Waering, a 
renowned taxonomic ‘splitter’, reduced 
Petrunkevitch's 10 genera and 13 species to four 
genera and five species. He stated in the introduc- 
tion to his MS: ‘Seldom, ifever, has a fossil group 
with such uncomplicated, mostly easily deter- 
minable morphological characters, been sub- 
jected to such misunderstanding and careless and 
erroneous work as has the order Phalangiotarbida 
Haase, 1890. The main reason for this state has 
been the complete failure of some of the workers 
in this group to understand fundamental paleon- 
tological principles of preservation, for example, 
molds and casts, external and internal, along with 
results of compaction and consequent reflection 
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or impression of ventral into dorsal surfaces and 
vice versa,’ Kjellesvig-Waering's conclusions on 
functional morphology and phylogeny, both in 
this MS and his other work, are pot without 
dispute, but his long experience with the 
taxonomy of fossil chelicerates was generally 
reliable. Kjellesvig-Waering wrote in his MS: 
‘The question of whether Phalangiotarbida 
Haase, 1890, or Architarbida Petrunkevitch, 
1945 is the proper name for this order of arach- 
nids has not been settled, although it is difficult 
to understand why any question should have 
arisen in the first place.” What Petrunkevitch did 
was to substitute an existing name with one based 
on better preserved specimens of the order: ‘What 
is more reasonable than to regard the Family 
Architarbidae as the most characteristic one of 
the Order and to emphasize this fact by using a 
proper derivative of the generic name for the 
Order?’ (Petrunkevitch, 1945, p. 11). 

The above examples show that much work is 
needed on fossil arachnids already in collections, 
in addition to siudy of the many new fossils 
awaiting description, 


THE FOSSIL RECORD 
(Fig. 2) 


ARACHNID RELATIVES 

The extinct aglaspidids are probably not 
chelicerates since they bear neither chelicerae nor 
other features which would ally them with the 
Chelicerata over any other arthropod group 
(Briggs et al., 1979). The fossil record does not 
help to determine the systematic position of the 
enigmatic pycnogonids. Chelicerae are not á pre- 
requisite for a chelicerate. Sanctacaris Briggs and 
Collins, 1988 from the Middle Cambrian Burgess 
Shale of British Columbia lacks chelicerac but 
was included in the phylum because of a com- 
bination of characters unique to Chelicerata: six 
pairs of prosomul appendages, cardiac lobe, 
prosoma and opisthosoma, and anus at rear of last 
trunk segment, Sanctacaris was described as 
sister to all other chelicerates, but may not be the 
oldest chelicerate because a dubious xiphosuran 
carapace of Lower Cambrian age, Eolimulus 
alatus (Moberg, 1892) was recorded from Öland, 
Sweden. Xiphosura are the most primitive 
chelicerales in existence and, though previously 
allied with the Eurypterida in the Merostomata, 
most authors place Xiphosura with either the 
Scorpionida (Bergstrom, 1979, 1981; Bergström 
et cil., 1980, van der Hammen, 1985, 1986) or as 
sister to all other chelicerates (except 
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Sanctacaris) (Grasshoff, 1978; Boudreaux, 1979; 
Paulus, 1979; Weygoldt and Paulus, 1979; 
Weygoldt, 1980), thereby rendering Meros- 
tomata an unnatural group. 


SCORPIONS 

Scorpions are the arachnid group with the ear- 
liest known ancestors; the most ancient known 
scorpion is Dolichophonus loudonensis (Laurie, 
1889) from the Llandovery of the Pentland Hills, 
near Edinburgh, Scotland. Kjellesvig-Waering 
(1986) proposed a controversial classification 
scheme. Stockwell (1989) produced a more ac- 
ceptable classification scheme of Scorpionida 
which included fossils, but it has yet to be pub- 
lished formally. A linchpin of Kjellesvig- 
Waering's classification was the supposed 
Devonian gilled scorpion described as Tiphos- 
corpio hueberi. Restudy of this material (Selden 
and Shear, 1992) revealed that it is not a scorpion 
but an arthropleurid myriapod! 

The early Silurian record of scorpions could be 
interpreted as representing the earliest terrestrial 
animals since all modern scorpions are terrestrial. 
However, all Silurian fossil scorpions occur in 
marine or marginal marine sediments, and mor- 
phological features suggest an aquatic mode of 
life. Petrunkevitch (e.g. 1953) considered all fos- 
sil scorpions were terrestrial, but other workers 
(e.g. Wills, 1947; Stormer, 1970; Rolfe and Be- 
ckett, 1984; Kjellesvig-Waering, 1986) argued 
for an aquatic habitat for Silurian scorpions at 
least. Evidence for aquatism among fossil scor- 
pions are: gills and digitigrade tarsi, as well as the 
absence of terrestrial modifications such as coxal 
apophyses, stigmata, book lungs, trichobothria, 
highly developed pectines and plantigrade tarsi. 
There is overlap in the ranges of aquatic and 
terrestrial scorpions but the first terrestrial forms 
probably appeared the Devonian (Selden and 
Jeram, 1989). It is not easy to decide whether a 
given fossil had an aquatic or terrestrial mode of 
life; the original environment of the enclosing 
sediment is commonly the best clue, but a recent 
find is worthy of cspecial note: wcll preserved 
book lungs in a Carboniferous (Visean) scorpion 
from East Kirkton, near Edinburgh, Scotland 
(Jeram, 1990). Few new records of fossil scor- 
pions have turned up in recent years although in 
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the otherwise sparsely recorded Mesozoic, scor- 
pions reported from the Triassic of France (Gall, 
1971), and the Cretaceous of Brazil (Campos, 
1986) are currently under study. 


PSEUDOSCORPIONIDA 

Many pseudoscorpions are known from the 
Tertiary (mainly in ambers, e.g. listed in 
Schawaller (1982, table 1), and some are known 
from Cretaceous ambers of Lebanon (Whalley, 
1980) and Manitoba (Schawaller, 1991). How- 
ever, the most important fossil pseudoscorpions 
are well preserved specimens of Dracochela 
deprehendor (Shear et al., 1989; Schawaller et 
al., 1991), in the Upper Devonian mudstones of 
Gilboa, New York. Only protonymph and 
tritonymph are known which, though modern in 
many aspects, cannot be assigned with con- 
fidence to extant taxa because both diagnostic 
characters in the fossils and cladistic assessment 
of extant forms are lacking. 


SOLIFUGAE 

The Carboniferous solifuge, Protosolpuga car- 
bonaria Petrunkcvitch, 1913, was described as 
being in a very poor state of preservation. It is 
impossible to judge the validity of the identifica- 
tion from the published photograph and drawing. 
The only reliable fossil solifuge is Happlodontus 
proterus Poinar and Santiago-Blay, 1989, from 
Oligocenc Dominican amber. 


OPILIONES 

Until recently, Opiliones had a fairly typical 
arachnid fossil record, being known only from 
Upper Carboniferous strata and Tertiary ambers. 
In 1985 a specimen was discovered in Lower 
Carboniferous rocks of East Kirkton, near Edin- 
burgh, Scotland (Wood et al., 1985), and a year 
later, one was described from the Lower 
Cretaceous of Koonwarra, Victoria, Australia 
(Jell and Duncan, 1986). Both of these unnamed 
specimens are long-legged opilionids but no fur- 
ther identification is possible (pers. obs.). 

The order Kustarachnida Petrunkevitch, 1913 
is included with the Opiliones, following Beall 
(1986). 


FIG, 2. Current knowledge of the fossil record of Aglaspidida, Pycnogonida and Chelicerata; data in Selden 
(1993). Solid lines denote actual occurrence in the stage(s) concerned; interrupted lines indicate presumed 
occurrence in intervening stages. ? denotes doubtful record. Note that taxon ranks are not equivalent; occurrences 
of important genera Sanctacaris (most plesiomorphic chelicerate) and Attercopus (oldest and most plesiomor- 
phic spider) are shown scparatcly. Stratigraphic resolution is to stage; abbreviations in second column refer to 
standard stage names (see e.g. endpapers of Briggs and Crowther, 1990). 
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PHALANGIOTARIMDA 

The situation of the phalangiotarbids has been 
described above. This group is only known from 
the Upper Carboniferous but fossils are 
widespread in European and North American 
coalfields. 


RICINULEI 

Ricinulei are known only from the Upper Car- 
boniferous of Europe and North America, and the 
New and Old World tropics at the present day 
(their range extends outside the tropics mainly by 
cavernicole species). A recent revision of the 
fossils (Selden, 1992) revealed a greater diversity 
in the Carboniferous than today, but based on an 
essentially similar body plan. It appears that the 
group has remained in warm, humid habitats 
(equatorial forest litter and caves) throughout its 
geological history. 


Mres 

The oldest mites are Actinedida (Prostigmata) 
from the Lower Devonian Rhynie Chert of Scot- 
land (Hirst, 1923). Other Devonian Ac- 
tinotnchida are known from Gilboa, New York 
(Norton ef al, 1988, 1989: Kethley et al., 1989). 
A few Jurassic and Cretaceous Actinotrichida are 
known (e.g. Bulanova-Zakhavatkina, 1974; 
Krivolutsky and Ryabinin, 1976: Sivhed and 
Wallwork, 1978), but the majority of fossil mites 
are oribatids from Baltic amber (e.g. Koch and 
Berendt, 1854; Sellnick, 1918, 1931). Anac- 
tinotnchida are very poorly represented in the 
fossil record; there are no fossil Opilioacarida or 
Holothyrida and only a few, somewhat suspect, 
records of Ixodida (e.g. Scudder, 1890) and 
Gamasida (e.g. Hirschmann, 1971), Fossil mites 
are probably found routinely in palynological 
preparations but are unreported. With the growth 
of micropalaeontological techniques in the study 
of fossil arthropods it is likely that many more 
fossil mites will be identified, 


PALPIGRADI 

The preservation potential of palpigrades ts 
even lower than that of mites. Their small size. 
thin cuticles and interstitial habitats makes them 
difficult objects of study when Recent or fossil 
Sternarthron zineli Haase, 1890, from the Juras- 
sic lithographic limestone of Solnhofen, Ger- 
many, is doubtful; the only good fossil palpigrade 
is Palaeokoenenia mordax Rowland and Sissom, 
1980, from the “Onyx Marble’ quarries 
(Pliocene) of Arizona, 
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HAPTOPODA 

This monotypic order was established by 
Pocock (1911) on the basis of the subdivided 
tarsus of the first leg. Petrunkevitch (1949) 
cleaned and reexamined the specimens, and 
redefined the order based on 2 new interpretation 
of the abdominal segmentation. The group would 
repay restudy along with Anthracomartida and 
Trigonotarbida. 


ANTHRACOMARTIDA 

Together with Haptopoda, this order forms 
Petrunkeviteh's 1949 subclass Stethostomata. In 
a discussion of the rationale for separating 
Stethostomata from Soluta (Shear and Selden, 
1986; Shear e! al., 1987), it was concluded that 
the only feature separating anthracomartids from 
trigonotarbids is two versus one rows of marginal 
tergal plates on the opisthosoma. Again, this com- 
mon Upper Carboniferous group needs careful 
restudy. 


TRIGONOTARBIDA 

Trigonotarbids are the best known extinct 
arachnid group on account of their excellent 
preservation in the Devonian Rhynie Chert of 
Scotland and Gilboa mudstones of New York and 
are among the first known land animals (Jeram ef 
al, 1990). First described from Upper Car- 
boniferous rocks (Buckland, 1837; Fritsch, 1901: 
Pocock, 1902, 1903, 1911), Hirst (1923) 
described the first Devonian specimens (from 
Rhynic), and Størmer (1970) described forms 
from the Middle Devonian of Alken-an-der- 
Mosel, Germany. Trigonotarbida is one of the 
few arachnids groups found relatively frequently 
in Palaeozoic terrestrial rocks of from Argentina 
(Pinto and Hiinicken, 1980), Spain (Selden and 
Romano, 1983), Czechoslovakia (Oplustil, 
1985), and Germany (Jux, 1982). 

The exquisite preservation of the Rhynie Chert 
meant that Hirst (1923) could describe minute 
details of the trigonotarbids from that deposit. 
Trigonotarbids from Gilboa (Shear et al., 1987) 
not only confirmed Hirst's observations but also 
uncovered further morphological features of 
these interesting animals, Later work has shown 
that some of the species described as trigonotar- 
bids in 1987 were really spiders or other pul- 
monate arachnids (Selden er al., 1991), but the 
systematic position of the Trigonotarbida, sister 
to all other pulmonates, was strengthened. A 
togonotarbid and centipedes, found together with 
early land plants in Silurian (basal Prídoli) sedi- 
ments at Ludford Lane, Ludlow, England (Jeram 
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et al., 1990), pushed back the earliest record of 
land animals by around 16 million years and 
indicated that tngonotarbids were among the ear- 
liest terrestrial animals. 


ARANEAR 

Great strides have been made recently in spider 
systematics (Coddington and Levi, 1991) and 
concomitantly, new finds of fossil spiders have 
added to the geological record. The oldest spider 
is Altercopus fimbriunguis Shear, Selden and 
Rolfe, 1987, from Gilboa; supposed spiders from 
Rhynie (Hirst, 1923) and Alken-an-der-Mosel 
(Stormer, 1976) have been disproved (Selden et 
al., 1991). Arrercopus ts sister to all other spiders; 
the patella-tibia joint is a rocking joint but in a 
more plestomorphic state than other spiders. lack- 
ing the “compression zone Y” of Manton (1977). 
Autapomorphies of the Artercopus clade are: 
fimbriate paired claws, spinules on the palpal 
femur, and lack of inchobothna; the latter feature 
is puzzling. 

In spite of descriptions of Devonian and Car- 
honiferous araneomorph spiders (Archaeo- 
metidae Petrunkevitch, 1949; Pyritaraneidae 
Petrunkevitch, 1953), none of those seen by the 
author could be proved to be a spider at all. 
Petrunkevitch seemed to concur with Frisch 
(1904) and Pocock (1911) in their placement of 
fossils in the Araneomorphae without question, 
even if he disagreed with their detailed descrip- 
tions, All of these authors seemed to place fossils 
in Araneomorphae on the basis of their general 
resemblance to particular groups of araneomorph 
spiders rather than real characters. For example, 
Petrunkevitch (1953-107) defined Pyritaraneidac 
and redefined Arachaeometidae as araneomorph 
spiders with segmented opisthosomae, diffenng 
from each other by their latengrade and prograde 
legs respectively. Nowhere is the identification as 
arancomorphs questioned. Eskov and Zonshtein 
(1990a) considered segmentation of the opis- 
thosoma in the Pyritaraneidae to be an artifact. 
but agreed that this family belongs in Araneomor- 
phae. Selden er al. (1991) studied Archaeometa 
nephilina Pocock, 1911 in the British Museum 
(Natural History) and a plaster cast of A. devonica 
Stormer, 1976 from the Senckenberg Museum, 
concluding that neither species was a spider and 
that A. devonica may not be an arachnid at all. 
Carboniferous Arthrolycosidae Fritsch, 1904 and 
Arthromygalidae Petrunkeyitch, 1923 in the 
British Museum (Natural History) can be placed 
with the mesotheles because of the distinct ter- 
gites on their opisthosomae, Eskov and Zonshtein 


(1990b) argued for a new group of Carboniferous 
‘labidognathous liphistiomorphs® on the 
evidence that the fossils lacked chelicerae yet any 
spider with orthognath chelicerae would have 
them preserved if the carapace and palps were. 
This argument presupposes that orthognath 
chelicerae are always porrect, which they may not 
be. To argue morphology from preservation (or 
lack of it!) is a dangerous practice. 

Until recently, no mygalomorph spider was 
known earlier than the Tertiary. Eskov and 
Zonshtein (1990a) described some 
mygalomorphs from Siberia and Mongolia, plac- 
ing them in the modern Mecicobothriidae, 
Atypidae and Antrodiaetidae. They are excep- 
tionally well preserved, but poorly illustrated and 
described; in contrast, the line drawings ure of 
high quality. In 1992, with the description of a 
Triassic mygalomorph, Rosamygale, our 
knowledge of the antiquity of mygalomorphs was 
more than doubled (Sclden and Gall, 1992). This 
was placed in the extant family Hexathelidac, and 
suggests a widespread disinbution of the family 
across Pangaea before nfling of the supercon- 
tinent. Hexathelids show many plesiomorphic 
characters among mygalomorphs but neverthe- 
less, mygalomorphs may yet be found in 
Palaeozoic rocks. 

Mesozoic spiders have only recently been dis- 
covered. The oldest fossil araneomorph is 
Juraraneus rasnitsyni Eskov, 1984. placed in a 
new family, Juraraneidae. in the Aranevidea. 
Juraraneus, like the mygalomorphs described by 
Eskov and Zanshtein (1990a), is well preserved 
but rather poorly documented for such an impor- 
tant find, so itis difficult to be sure whether the 
placement is justified. Eskov (1987) has also 
descnbed Archaeidae from the Jurassic of 
Kazakhstan from where Filistatidae are currently 
being desenbed (Eskov, 1990). 

Recent finds of Cretaceous araneomorphs have 
emphasized the diversity of a spider fauna of 
modem aspect during this period, Unfortunately, 
some show little morphological detail {Jell and 
Duncan, 1986), but Selden (199Da) described 
specimens from the Lower Cretaceous of north- 
east Spain, beautifully preserved in lithographic 
limestone. The specimens included a deinopoid 
and a tetragnathid, so both cribëllate and ecribel- 
late orb-web Weavers Were in existence at this 
time. In broad terms, by the Tertiary, the spider 
fauna was almost identical to that of today. and 
only 3 families are known to have become extinct 
since jhe Palaeogene (Eskov, 1990). 


Uroryai 

Well preserved uropygids are found in Coal 
Measure rocks in Europe (e.g. Brauckmann and 
Koch, 1983) and North Ameriea. All are placed 
in the modern Thelyphonidae, 


SCHIZOMIDA 

Three species of schizomids are known from 
the Pliocene ‘Onyx Marble’ quarries of Arizona 
and one from the Oligocene of China (Lin et al., 
1988). 


AMBLYPYGI 


Fossil amblypygi are known from the Coal 
Measures of Europe and North America and from 
Tertiary ambers (e.g. Schawaller, 1979). 
Amblypygi may be present in the Devonian of 
Gilboa: a possible pedipalp tarsus was figured by 
Shear et al. (1984) and Ecchosis pulchribothrium 
Selden and Shear, 1991 may belong in this group 
(Selden et al., 1991). 


ARACHNID PHYLOGENY 


Selden (1990b) discussed three recent 
phylogenetic hypotheses with the evidence of the 
fossil record (Fig. 3). A cladogram which ac- 
curatcly reflects evolutionary events predicts that 
suceessive dichotomies should occur in ascend- 
ing chronological order, and a eomplete fossil 
record should show this. Weygoldt and Paulus's 
(1979) analysis (Fig. 3c) predicts that palpigrades 
should occur in strata ut least as old as Devonian 
because the more derived mites and pseudoscor- 
pions occur in beds of that age. In their scheme, 
Opiliones occupy a derived position. Van der 
Hammen (1989; fig. 3b) suggested that Opiliones 
should oceur the Cambrian since they are tenta- 
tively shown as sister group to Xiphosura + Scor- 
piones. Shultz (1989, 1990; Fig. 3a) also plaeed 
Opiliones in a position which predicts their 
presence in Silurian times. Since scorpions were 
aquatic then, so would opilionids have been. 

None of the phylogenetic analyses (Fig. 3) in- 
corporated extinct groups, Whilst it is impossible 
to include ancestors in cladistic analyses, there is 
no reason why well known extinct groups should 
not be included, say at the Carboniferous level. 
Apart from the enigmatic palpigrades and the 
highly derived Schizomida, for which fossil 
evidence is lacking, all arachnid orders were in 
existence by that time. 
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FIG. 3. Cladograms of relationships among the arach- 
nid groups as viewed by a, Shuliz (1990); b, van der 
Hammen (1989); ande, Weygoldtand Paulus (1979). 
Interrupted lines indicate uncertainty. 


FUTURE PROSPECTS 


Work in progress includes: palaeophysiology 
of early terrestrial chelicerates-aquatic and ter- 
restrial adaptations in eurypterids, scorpions, and 
other Siluro-Devonian arachnids, palaeobiology 
of the Trigonotarbida: and Cretaceous spiders 
from Canadian amber and the Santana Formation 
of Brazil. 


FOSSIL ARACHNIDS 


Much of Petrinkevitch's work needs revision. 
A new phalangiotarhid fauna has been collected 
in recent years from a coal mine tip in Somerset, 
England (Beall, 1991). Carboniferous 
Anthracomartida and Haptopoda need to be res- 
tudied. particularly in relation to the now ex- 
tremely well known and possibly related 
trigonotarbids. The identity of described 
Amblypygi is in little doubt, but modem descrip- 
tions would be helpful. In need of critical ex- 
amination are: the single fossil solifuge 
Protosolpuga fram Mazon Creek, the supposed 
palpigrade Srernarthron from the Jurassic of Ger- 
many, and the amber spiders described by 
Petrunkevitch (e.g. 1942, 1950, 1958). The prob- 
lem with these spiders is that over the years some 
of the supposed 'amber” in collections has dis- 
coloured, which suggests it may not be truly 
Palaeogene but rather more recent copal or other 
Tesins, 

Successful palaeoarachnology requires 
knowledge of both Recent arachnids and under- 
standing of styles of fossil preservation. Much 
previous work suffered from erroneous inter- 
pretations of one sort or another. Goals for future 
work are: to understand the origin of the present- 
day diversity of arachnids and the relationships 
among the various groups, and the reconstruction 
of ancient terrestnal ecosystems. 
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